INTRODUCTION {#sec0005}
============

What is functional mobility? Is there a difference in the functional mobility of two Parkinson's disease (PD) patients with similar gait disturbance, one using an assistive mobility device, the other not? How do health professionals account for these differences? This paper reviewed the functional mobility concept and its implications for PD patients' everyday functioning. It followed the International Classification of Functioning, Disability and Health (ICF) model. The ICF model goes beyond the usual focus on a diagnosis, incorporating detailed information on how functional, societal aspects, and contextual factors contribute to a patient's health condition. Therefore, it allows to better understand and describe health and health-related problems and to improve communication between patients, health professionals, researchers, and policy makers \[[@ref001]\]. This model have been previously used for studying PD patients' disability \[[@ref003]\] and quality-of-life \[[@ref006]\].

A PubMed search, from inception to June 2017, was made using the following search terms were: "Functional mobility", "Mobility", "Disability", "Participation restrictions" and "Parkinson's disease". Language and publication restrictions were not applied. Being a narrative review a systematic selection of the included studies was also not performed. In order to fully address the opening question, the concept of functional mobility was introduced and, through the ICF model, the factors related with PD body functions impairments and activity limitations that could affect functional mobility were presented. It was also discussed how functional mobility limitation may restrict patients' everyday functioning and the potential impact of contextual factors. Additionally, in the end of the review, the most suitable outcome tools and interventions to address PD functional mobility limitations were appraised.

FUNCTIONAL MOBILITY {#sec0010}
===================

Functional mobility is increasingly used as an outcome in clinical studies as it may provide a more global and functional perspective of patients' health conditions. However, it is still a poorly defined concept, being commonly equated with mobility or functionality ([Fig. 1](#jpd-8-jpd171233-g001){ref-type="fig"}). According to Forhan & Gill in a review on obesity \[[@ref007]\], functional mobility is the physiological ability of people to move independently and safely in a variety of environments in order to accomplish functional activities or tasks and to participate in activities of daily living (ADL), at home, work and in the community. It includes movements like standing, bending, walking and climbing, which are the building blocks of ADL, and hence crucial to an individual's independent living and global health status \[[@ref007]\]. Impaired functional mobility has been found to be associated with a greater risk of falls, loss of independence, and institutionalization \[[@ref004]\].

![Functional mobility concept.](jpd-8-jpd171233-g001){#jpd-8-jpd171233-g001}

INTERNATIONAL CLASSIFICATION OF FUNCTIONING AND DISABILITY (ICF) {#sec0015}
================================================================

As formulated by the World Health Organization (WHO) in 2001, the ICF is conceptualized as a universal framework focused on the description of how people live with a health condition ([Fig. 2](#jpd-8-jpd171233-g002){ref-type="fig"}) \[[@ref004]\]. Three levels of human functioning are classified: 1) body functions and structures as physiological and psychological functions, as well as body impairments, and anatomical deficiencies; 2) limitations in performing tasks or actions; and 3) participation restrictions in daily-life. Contextual factors can be either personal, such as age, gender, experiences, and interests; or environmental like physical, social, and attitudinal environment. This model assumes that all levels of human functioning and contextual factors are interconnected, i.e., impairments in body functions and structures may induce problems in activities that leads to participation restrictions, which can be facilitated or hindered by environmental or personal factors \[[@ref001]\].

![ICF framework. Adapted from World Health Organization (2002) \[[@ref012]\].](jpd-8-jpd171233-g002){#jpd-8-jpd171233-g002}

PARKINSON'S DISEASE {#sec0020}
===================

PD is the second most common neurodegenerative disease \[[@ref003]\]. It is characterized by its motor (bradykinesia, associated with rest tremor and rigidity) and non-motor problems \[[@ref001]\].

Despite the variety of therapeutic options, disease progression usually leads to impairments at different levels of body function, limitations in a wide variety of ADL, and in severe disability, social embarrassment and increasing dependence. Gradually, it reduces health-related quality of life (HrQoL) and increases the burden of patients and caregivers \[[@ref003]\].

FUNCTIONAL MOBILITY IN PD: ICF-BASED METHODOLOGY {#sec0025}
================================================

In order to improve patients' global health status and reduce disease burden associated with functional immobility, it is important to understand a patient's personal needs, activity and environment \[[@ref004]\]. In this section, we present the three levels of human functioning included in the ICF framework: 1) the impairments to body structures and functions relevant to PD patients' functional mobility; 2) how the activities that compose functional mobility are compromised by these impairments, in a functional perspective; 3) participation restrictions that PD patients may encountered, induced by functional mobility limitations; 4) lastly, some examples of frequent personal and environmental factors that influence the first three domains are presented ([Figs. 3](#jpd-8-jpd171233-g003){ref-type="fig"} and [4](#jpd-8-jpd171233-g004){ref-type="fig"}).

![The concept of functional mobility applied to PD in an ICF perspective.](jpd-8-jpd171233-g003){#jpd-8-jpd171233-g003}

![Human domains and contextual factors contribution to PD functional mobility.](jpd-8-jpd171233-g004){#jpd-8-jpd171233-g004}

Body functions and structures domain {#sec0030}
------------------------------------

Functional mobility requires dynamic neural control to quickly and effectively adapt locomotion, balance, and postural transitions to changing environmental and task conditions. This in turn requires sensorimotor agility that involves: 1) coordination of complex sequences of movements, 2) on-going evaluation of environmental cues and contexts, 3) the ability to quickly switch motor programs with environmental changes, and 4) the ability to maintain safe mobility during multiple motor and cognitive tasks \[[@ref007]\].

### Motor symptoms {#sec0035}

Motor symptoms may contribute to functional mobility impairments directly, through gait impairments cause by non-dopaminergic pathways degeneration and indirectly due to bradykinesia and rigidity, which affect PD patients gait, balance and transitions \[[@ref014]\]. Gait impairments are complex to characterize because of the difficulty in distinguishing between the specific contribution of sensory, motor, and cognitive deficits and other factors like fear, muscle weakness or misjudgement of hazard risk. Evidence suggests that in later stage cholinergic dysfunction in the pedunculopontine nucleus has a key role in gait disturbance \[[@ref014]\].

With disease progression, severe and disabling postural deformities are usually present (e.g., camptocormia, antecollis, pisa syndrome or scoliosis). These interfere with daily living activities, often leading to falls. Although still not well understood, a series of central and peripheral causes have been proposed to explain the complex and multifaceted underlying pathophysiology of these deformities \[[@ref014]\].

### Non-motor symptoms {#sec0040}

Functional mobility is also affected by PD non-motor symptoms.

The inability to simultaneously carry out a cognitive and a motor task is a predictor of falls and a critical element to functional mobility. This has been found to be more difficult for PD patients than healthy controls, especially when walking is one of the tasks \[[@ref011]\].

Dysautonomia seems also to play an important role in PD functional mobility. In concrete, orthostatic hypotension symptoms are a frequent complaint, associated to a higher prevalence of falls and a more rapid PD progression. It also affects mobility in general, patients' confidence in their own abilities and may undermine an active style of life \[[@ref023]\].

Additionally, patients have frequently fatigue complaints, which has physical and psychological repercussions in PD functional mobility. The feeling of being tired all day and of not knowing how to get through the day makes fatigue, in patients perspective one of the symptoms most difficult to cope with \[[@ref014]\].

Activity domain {#sec0045}
---------------

In PD, activity limitations range from minor difficulties (e.g., fine motor coordination tasks) to more serious problems (e.g., skilled ADL motor tasks). Patients generally experience a loss of functional mobility resulting from the neurodegenerative effects of the disease in posture, balance, postural stability, and gait. Loss of independence in performing activities arises in the transition between Hoehn and Yahr (H&Y) stages III and IV, and activities such as walking, housework, dressing and transfers are the most affected \[[@ref001]\].

### Walking {#sec0050}

Patients describe gait disorders as a loss of confidence in walking, a feeling of imbalance or reduced ability to negotiate uneven terrain or stairs. A slower walking speed is often the first noticeable sign of parkinsonism \[[@ref019]\].

Gait is defined as the forward propulsion of the body with rhythmical coordination of all four limbs combined with control of dynamic equilibrium of the body's center of mass. It is also a complex sensorimotor activity that involves spatial-temporal coordination of the legs, trunk and arms, as well as dynamic equilibrium.

Gait of PD patients have been shown to be: 1) significantly slower (typically 40--60 m/min rather than 75--90/min in age-matched controls), 2) with less foot clearance (foot's height during the swing phase) and an increased double phase support in the gait cycle (from the usual 20--30% of the gait cycle to over 35%), 3) with smaller step lengths (0.4--0.9 m for PD patients after withdrawal of medication or 0.8--1.0 m for those at the end-of-dose compared with 1.2--1.5 m for healthy older people), 4) narrow based, 5) asymmetrically reduced or absent arm swing 6) and stooped posture. Small shuffling steps (resulting from the reduced ground clearance and increased double phase support in gait cycle), a bilaterally reduced arm swing and slow, en bloc turns are also common \[[@ref001]\].

Walking problems are usually more pronounced during gait initiation, turning, walking through doorways and when performing simultaneous motor or cognitive tasks. These relates with the triggering of festination and freezing episodes, characterize by the sudden inability to generate effective stepping movements \[[@ref028]\]. During festination episodes, the feet are behind the center of gravity, which causes rapid small steps. Freezing episodes are described by patients as having the feet "glued to the floor", which usually does not present as complete akinesia, but rather as shuffling with small steps or trembling of the legs.

### Transitions {#sec0055}

Throughout the course of disease, transitions become truly affected and predict risk of falls. Are particularly problematic: rising from, and sitting down on a chair, getting in or out and turning over in bed \[[@ref001]\]. Sitting-to-standing is a complex component of some everyday functional tasks that requires the body to accelerate forward and then upward, and to transfer from a large to a small base of support to achieve an uprightb stance \[[@ref001]\]. PD patients exhibit a general slowness when compared to control subjects in performing this tasks with a spatiotemporal pattern preserved \[[@ref030]\]. This indicates that PD patients' problems are not related with the selection, but in initiating and sequencing the appropriate motor program. Additionally, task analysis has shown that PD patients take a significantly longer time to complete each individual phase and a have a significantly smaller peak hip extension and ankle dorsiflexion torque when compared with control subjects \[[@ref029]\]. The likely responsible factors are weak limb support against gravity (particularly reduced muscle power of the hip extensors), the difficulty in muscle activation and the inability to counteract unexpected external forces, vestibular impairment, and orthostatic hypotension \[[@ref001]\]. PD patients seem also to have less body position changes during the night compared to the general population, which may affect sleep quality. Impaired bed mobility is often attributed to nocturnal hypokinesia, yet pain and overall muscle weakness and external factors such as bedcovers or reduced levels of levodopa at night, may also contribute to difficulty turning over in bed. The precise causal mechanism is still not clear \[[@ref001]\].

Participation domain {#sec0060}
--------------------

Participation problems are aspects of life as a member of society hindered by activity limitations \[[@ref011]\]. Impairments in PD patients' functional mobility, may compromise involvement in leisure, work or social aspects of life in both household and community settings.

Working capacity, often affected in PD patients, is a concrete example of an important participation restriction related with functional mobility, not only because of work role in active fighting against exclusion from social and occupational environments, but also as livelihood \[[@ref007]\].

Contextual factors {#sec0065}
------------------

Contextual factor could be personal or environmental, and have a positive or negative effect.

Age, a high body mass index, feeling disabled and social embarrassed represent some examples of personal factors with potential negative influence on PD patients' functional mobility. In contrast, high education levels and sport habits are examples of factors with a positive influence \[[@ref001]\].

Similarly, unemployment, loneliness and the inability to drive, are examples of possible environmental negative factors. The existence of family caregivers is the most valued environmental positive factor, once PD patients rely on them for most of their ADL needs \[[@ref001]\].

Within personal factors, perceived control (i.e., the person's belief of controlling the situations and act in accordance to that) is a prime candidate and a powerful predictor of active life and functional mobility \[[@ref026]\]. PD clearly affects patients' perceived control, not only because of the impact of motor and non-motor symptoms on daily functional mobility, but also because of the unpredictability and social embarrassment frequently associated. This has multiple manifestations in patients' life, such as: to avoid walking on the street or in less familiar places due to fear of falling, concerns scheduling appointments because of not being sure of being able to get through it or to stay away from public places or social events to prevent feeling embarrassed with disease limitations \[[@ref002]\].

FUNCTIONAL MOBILITY: SCALES AND TOOLS AVAILABLE {#sec0070}
===============================================

Functional mobility is a global disease-related feature that may provide adequate information about treatment responses and disease course, as it may encompasses one of the outcomes most relevant to patients' daily lives \[[@ref009]\].

Due to the heterogeneity and complexity of PD, its fluctuating nature and unpredictable medication response in advanced disease stages, clinical assessment is challenging and requires continuous prolonged periods of evaluation to reach an accurate picture of symptoms and their fluctuations \[[@ref036]\].

The majority of PD studies that have measured functional mobility used rating scales like the MDS-UPDRS, infrequent events (e.g., falls) or subjective reports (e.g., diaries or questionnaires). Objective assessments, including the five-time sit-to-stand (FTSTS) test and the timed up-and-go (TUG) test, are two of the most commonly used tools \[[@ref010]\]. In 2015, Parashos and colleagues validated the "Ambulatory Capacity Measure". This is a measure of functional capacity, previous used in clinical trials, derived from UPDRS items related to falls, freezing, walking, gait and postural instability. It showed to be a good instrument, highly correlated with some of the most used outcome tool to assess functional capacity \[[@ref039]\]. However, there is still no consensus about which screening tools are preferred or which outcomes are most suitable for monitoring functional mobility \[[@ref040]\].

With technological advances, numerous devices have been created not only with the capacity of reliably evaluating fluctuating or rare events (e.g., freezing of gait or falls) that usually occur outside clinical visits, but also for obtaining more global, objective, and sensible outcomes for assessing patients' performance in ADL \[[@ref041]\]. Yet, is still lacking to establish a specific protocol or metrics to measure PD-sensitive and specific functional mobility behaviours \[[@ref027]\].

IMPROVING FUNCTIONAL MOBILITY IN PD {#sec0075}
===================================

Due to PD heterogeneity, patients' experience of mobility impairment and respective coping strategies are very personal. In order to find an effective option is crucial to understand the patients' needs and offer suggestions according to local offerings, personal preferences, and cultural background \[[@ref009]\].

Exercise programs {#sec0080}
-----------------

Evidence shows that critical aspects of PD patients' functional mobility impairments (e.g., postural instability) are unresponsive to pharmacological and surgical therapies, making physical therapy an attractive option \[[@ref009]\].

Previous animal studies have demonstrated that intense exercise programs can increase dopamine synthesis and release and improve brain function. Aerobic exercise (e.g., treadmill training) has shown to improve gait parameters, quality of life, and levodopa efficacy in PD patients. However, once functional mobility also depends on other components such as dynamic balance, dual tasking, and other sensorimotor skills, aerobic training is not sufficient to improve functional mobility in PD \[[@ref011]\]. Task-specific exercises targeting a single, specific balance or gait impairment, in PD patients have also been tested with positive results \[[@ref009]\].

Rehabilitation programs have been reported to be effective in preventing and improving PD patients' functional mobility when focusing on aerobic exercises and self-initiated movements, big and quick movements, large and flexible centers of mass control, reciprocal and coordinated movements of arms and legs, and rotational movements of torso over pelvis and pelvis over legs \[[@ref011]\].

Strategy training {#sec0085}
-----------------

Strategy training is one of the key elements of physiotherapy PD management. It is defined as teaching the person how to move more easily and to maintain postural stability by using cognitive strategies. This includes two different methods: acquiring new motor skills (learning strategies) and compensating for movement disorders by bypassing the defective basal ganglia (compensating strategies) \[[@ref042]\].

There is growing evidence that, at least in early PD, the capacity to learn new motor skills is not affected \[[@ref042]\]. One study showed that PD patients with mean disease duration of 7 years have the capacity to learn new upper-limb movement sequences, improve performance and retain it for 48 hours \[[@ref042]\]. Another study evaluated a multiple-task gait-training program in mild PD patients (H&Y stages II--III), reporting that study participants could maintain their learned increased multiple-task walking speed over 3 weeks \[[@ref042]\].

Compensatory strategies have been shown to be effective in moderate to severe PD patients, however requiring high mental effort and with relatively short-term effects. They include: the use of visual (e.g., white lines on the floor) and auditory (e.g., rhythmical beat provided by a metronome) external cues, the visualization of walking with long steps, mental rehearsal of the desired movement pattern before performing the action and breaking down long or complex motor sequences into parts and focusing on the performance of each individual segment (segmentation).

Through the mechanism of consciously thinking about the desired movement, using the frontal cortex to regulate movement size or timing instead of the defective basal ganglia, PD patients arguably compensate for the neurotransmitter imbalance in the basal ganglia obtaining a more normal gait pattern \[[@ref042]\]. The type of strategy, the frequency and duration of training should be considered according to disease severity, the capacity to learn, and whether there are coexisting conditions that limit the ability to practice ([Table 1](#jpd-8-jpd171233-t001){ref-type="table"}) \[[@ref042]\].

###### 

Strategies training guide adapted from Morris et al. (2010) \[[@ref042]\]

  -------------------------------------------------------------------------------------------
  **Mild to moderate disease**

  **Program:**\
    --  3 times/week\
    --  Peroids of 6 to 8 weeks (motor skill acquisition)\
    --  Burst of therapy 2 to 3 times/year (to promote retention of training)

  **Severe disease**\
  **Cognitive impairments**\
  **Compromised skill acquisition**

  **Use:** External cues, reminders and segmentation of action into simple components

  **Multi-tasking activities:** use as training strategy, educate the patients on its risks
  -------------------------------------------------------------------------------------------

Assistive mobility devices {#sec0090}
--------------------------

PD patients with functional mobility impairments need to be able to move effortlessly, in a reasonable amount of time throughout their day, accessing the same environments as others \[[@ref045]\].

The use of assistive mobility devices (e.g., wheelchairs, walker) increases the ability of individuals to work, perform self-care, and engage in leisure and social activities independently, enhancing their functional performance, autonomy and participation \[[@ref045]\].

Despite the potential advantages of assistive mobility devices, they are often underused or abandoned. The reason relates to a mismatch between a patient's functional needs, preferences and environmental constrains, and health professionals' perspectives. In 2017, Bettecken et al. \[[@ref048]\] reported a relationship between PD patients' gait velocity using an assistive mobile device and their HrQoL. Surprisingly, the study did not show a relevant contribution of gait velocity to HrQoL. Also, a relevant portion of PD patients with high HrQoL preferred a low self-preferred gait velocity to the use of an assistive mobile device. In a study to identify clinicians', patients' and caregivers' perspectives about relevant parameters and assessment tools for PD symptoms \[[@ref049]\], Ferreira and colleagues reported that patients and caregivers have different perspectives when selecting the most relevant parameters for evaluating gait and sway domains. Patients and caregivers both highlighted the capability of performing ADL as the most important parameter. For clinicians, time consumed doing specific tasks was the most useful parameter.

IMPLICATIONS FOR CLINICAL PRACTICE AND RESEARCH {#sec0095}
===============================================

If PD patients are unable to move at an intensity and frequency that life requires, they may become excluded from social and occupational environments, which may negative impacts theirs global health status \[[@ref007]\].

Although the assessment of specific outcomes, like level of rigidity or intensity of tremor, is important, previous studies have shown that functional limitations, rather than physical impairments, were the most problematic aspect of a PD patient's disability profile \[[@ref005]\]. The standard scale for evaluating impairments in PD is the MDS-UPDRS. However, besides being highly time-consuming, the objective evaluation of functional activities is limited. The TUG test is the most used tool to classify functional mobility and has been shown to be a valid predictor of performance in ADL. Yet, an exhaustive measurement system that adequately assesses functional mobility is still needed \[[@ref003]\].

More studies are needed to understand the relationship between the use of assistive mobility devices, PD patients' functional mobility and HrQoL. Perceived control may be the key aspect in explaining the intriguing conclusion that Bettecken and colleagues found in their study \[[@ref048]\]. As mentioned above, perceived control is a powerful predictor of functioning and it seems that some patients place more value on the capability of performing ADL rather than the time it takes to perform specific tasks \[[@ref026]\]. We hypothesize that assistive mobility devices are acknowledge by patients as an effective solution only when perceived as a control gain. Otherwise, the use of assistive mobility devices is seen as a loss of autonomy with negative impact in HrQoL (even objectively improving gait characteristics such as velocity). It would also be interesting and useful to study if, for those PD patients who remain in employment, or who maintain an active social life, this hypothesis is valid.

CONCLUSION {#sec0100}
==========

Back to our initial question: is there a difference in the functional mobility of two PD patients with similar gait disturbance, one using an assistive mobility device, the other not? How do health professionals account for these differences?

This question can be seen from two different perspectives.

As a physiological ability, the two patients have the same degree of functional mobility, since what differentiated them was the use of an external device.

As an outcome measure eligible to be improved by a therapeutic intervention, the answer is not so clear. On one hand, assistive mobility devices enable a more active and safer lifestyle, allowing patients to continue to be engaged with their social and occupational environment. For this reason, the patient with an assistive mobility device has better functional mobility. On the other hand, this would only be true if the use of these devices increases patients' perceived control of their situation.

Understanding the determinants of functional mobility in individuals with PD, such as the precedence of perceived control over an improved gait velocity, will help clinicians to more easily select the most appropriate therapeutic interventions based on an accurate, global, and personalized evaluation of patients' problems \[[@ref007]\].

From this review on PD patients functional mobility, we highlight: 1) its benefits as a more global and functional outcome of patient assessment; 2) the important role of exercise programs, training strategies and assistive devices in improving patients' functionality and participation in social environments; and lastly, 3) the importance of taking into account patients' personal needs and wishes and environmental factors in order to optimize treatment strategies.
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